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(57) A novel optical subassembly arrangement is 
proposed. The subassembly comprises a sili- 
con-based submount including a plurality of 
openings for placement of the various optical 
components utilized to form the optical subas- 
sembly. In particular, a silicon wafer is proces- 
sed (e.g., etched) using conventional 
techniques to simultaneously form a large num- 
ber of individual submounts, each submount 
processed to include a number of openings. 
The silicon processing may be sufficiently con- 
trolled such that active alignment of the compo- 
nents is minimized. An important feature of the 
design, when associated with an isolated embo- 
diment, is that the silicon submount is formed 
to include openings for both the laser and 
isolator optics such that the openings are dis- 
posed along a thermal transport path through 
the silicon substrate from an attached ther- 
moelectric cooler (TEC). Therefore, the laser 
and isolator optics are maintained at the same 
operating temperature. In one embodiment, the 
TEC may be attached to the underside of the 
substrate so as to form a cantilever arrange- 
ment with the substrate. In this embodiment, 
the isolator's magnet may be disposed to sur- 
round the substrate in a manner such that 
physical contact is avoided. The physical sepa- 
ration between the substrate and the magnet 
thus frees the TEC from having to unnecessarily 
cool the magnet 
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Background of the Invention 

Technical Field 

The present invention relates to a silicon-based 
optical subassembly and, more particularly, to an opti- 
cal subassembly including a silicon substrate with a 
plurality of etched openings for positioning of various 
optical components. 

Description of the Prior Art 

Semiconductor optical devices such as lasers are 
used in a wide variety of applications, due to their 
compactness, relatively high efficiency, and well-con- 
trolled output. However, a number of requirements 
are imposed upon these devices. For durability, cool- 
ing of the optical device is often necessary, since pro- 
longed high temperature operation can seriously 
damage and even destroy the device. Further, since 
the output light intensity from the device is a function 
of its junction temperature, the supporting structure 
must be able to efficiently dissipate the heat gener- 
ated by the high current density in the device in its 
operating state. 

Issues regarding the assembly of these semicon- 
ductor optical devices with the required lensing and 
other passive optical components is another area of 
concern. In most conventional optical subassemblies, 
the supporting structure may comprise a number of 
different members. For example, a conventional opti- 
cal subassembly may utilize one member for the 
active (e.g., laser) device and a separate member for 
the passive components. Alignment between the two 
members is thus required to achieve the desired mini- 
mum level of acceptable coupling loss. Alternatively, 
a single mounting member may be used to hold ail the 
required optical components. In the latter arrange- 
ment, each mounting member is individually formed, 
using precision die-cast piece parts, for example. 
Additionally, active alignment operations are often 
required as each component is affixed to the mounting 
member. As a result, the optical subassembly is often 
a relatively expensive component of a lightwave 
transmitter, requiring a relatively long, expensive and 
tedious assembly process. Further, any modifications 
in the size, number or arrangement of the optical com- 
ponents often necessitates a redesign of the com- 
plete optical subassembly. 

Thus, a need remains in the prior art for an optical 
subassembly which is robust in design, relatively sim- 
ple to assemble (i.e., requiring few, if any, active align- 
ments), and more amenable to high-volume, low-cost 
manufacture than those available in the prior art. 
Further, a need remains for an optical subassembly, 
including an isolator, which is capable of efficiently 
controlling the temperature of both the laser and the 
isolator. 



Summary of the Invention 

The needs remaining in the prior art are addres- 
sed by the present invention which relates to an optt- 
5 cal subassembly and, more particularly, to a 
silicon-based subassembly including a plurality of 
etched openings for positioning of various optical 
components. 

In accordance with the teachings of the present 
10 invention, a silicon substrate is processed to form a 
plurality of openings for placement of the required 
optical components. In one particular embodiment, 
the silicon substrate is etched to include a fist opening 
for placement of a first (e.g., subassembly-to-fiber 
15 coupling) lens, a second opening for placement of iso- 
lator optics, and a third opening for placement of a 
second (e.g., laser-to-isolator coupling) lens. A fourth 
opening for placement of a laser diode chip carrier 
may also be included. 
20 During the actual fabrication process, a silicon 
wafer may be patterned and etched to simultaneously 
form hundreds of subassemblies. In an alternative 
embodiment, the second opening (for the isolator) 
may be eliminated - this design is especially suited for 
25 tow speed applications where isolation of the laser 
from the remaining components is not necessary. 
Alternatively, this second opening may be used to 
hold other passive optical components, such as a 
third lens or fitter. 
30 It is an advantage of the present invention that the 

isolator optics are included on the same substrate as 
the laser such that both components are cooled by the 
same thermoelectric cooler (TEC) so as to operate at 
the same (controlled) temperature. Additionally, the 
35 isolator's magnet is thermally separated from the 
remaining elements forming the optical subassembly. 
As mentioned above, the cooling of the magnet in 
prior art designs is not necessary and only serves to 
increase the cooling load on the TEC. Thermal sepa- 
40 ration is achieved in accordance with one aspect of 
the present invention by supporting the silicon sub- 
strate in the cantilever arrangement so as to pass 
through the open core region of the isolator's magnet 
in a manner such that physical contact between the 
45 magnet and substrate is avoided. A support member, 
attached to the underside of the substrate in the vici- 
nity of the laser, is used to form the cantilever arrange- 
ment with the substrate and prevent physical contact 
between the silicon substrate and the magnet In one 
50 embodiment, the support member is the thermoelec- 
tric cooler (TEC) which is advantageously attached to 
the underside of the silicon substrate in the vicinity of 
the laser diode and isolator optical component The 
use of silicon as the submount material provides for 
55 relatively quick transport of temperature changes 
from the TEC through the substrate to the laser and 
isolator optics. 

Another advantage of the present invention is that 
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the etching process used to form the openings is rela- 
tively simple and may be controlled so as to provide 
the required optical alignment between the various 
components placed in the openings without the need 
to perform timely (and costly) active alignments sub- 
sequent to assembly. 

A further advantage is that the submount (the sili- 
con substrate) may be redesigned merely by chang- 
ing the masks used to delineate the locations of the 
various openings. 

Various and other advantages of the present 
invention will become apparent during the course of 
the following discussion and by reference to the 
accompanying drawings. 

Brief Description of the Drawing 

Referring to the drawings, where like numerals 
represent like parts in several views: 

FIG. 1 is a view in perspective of a silicon-based 
submount formed in accordance with the present 
invention; 

FIG. 2 contains a view in perspective of the sub- 
mount of FIG. 1, with the various optical compo- 
nents attached thereto so as to form an 
exemplary silicon-based optical subassembly; 
FIG. 3 is a top view of the arrangement of FIG. 2, 
illustrating in particular the disposition of the opti- 
cal isolator with respect to the lens components; 
FIG. 4 is a side view of the arrangement of FIG. 
2, illustrating the depths of the openings created 
in the silicon submount for the various optical 
components; 

FIGs. 5-8 illustrate an exemplary processing 
sequence used to form a silicon submount of the 
present invention; and 

FIG. 9 illustrates an alternative silicon-based opti- 
cal subassembly formed in accordance with the 
present invention, including high frequency inter- 
connections to an external signal source. 

Detailed Description 

Throughout the course of. the following dis- 
cussion, the silicon substrate used to hold the various 
optical components will be referred to as the "sub- 
mount"; the anangement including the submount and 
the various optical components attached thereto will 
be referred to as the "optical subassembly", or simply, 
the "subassembly". 

FIG. 1 contains a view in perspective of an exem- 
plary silicon-based optical submount 10 formed in 
accordance with the present invention. In this particu- 
lar arrangement, submount 10 comprises a silicon 
substrate 11 which is processed to include a plurality 
of openings, formed in top surface 13 thereof, for the 
placement of a plurality of optical devices. In the 
exemplary embodiment of FIG. . 1, silicon substrate 11 



is formed to include a first opening 12 for placement 
of a first lens. As shown, opening 12 is formed as a 
rectangular trapezoid, with sidewalls 14,16 which 
slant inwardly towards a bottom surface 18. Opening 
5 12 is so formed with predetermined dimensions 
appropriate for placement therein of a cylindrically- 
shaped graded-index (GRIN) lens (FIG. 2), used to 
focus the collimated optical signal entering the lens 
into an external optical communication medium, for 
io example, the core region of an attached optical fiber 
(FIG. 2). It is to be noted that a square- or spherically- 
shaped lens would require a different sized opening. 

A second opening 20, relatively small and square 
in form, and also including inwardly tapering 
15 sidewalls, is formed in top surface 13 of silicon sub- 
strate 11 along the illustrated z-axis in tandem with 
first opening 12. Opening 20 may be used to hold a 
second lens, for example, a spherical lens which is 
used to collimate the optical signal exiting an active 
20 optical device (e.g., laser). Second opening 20 is for- 
med to comprise suitable dimensions such that the 
Input beam from the active device will intercept a 
spherical lens in a manner such that the lens will form 
a collimated output signal. 
25 A third opening 22 is formed between first open- 

ing 12 and second opening 20, along the z-axis of 
substrate 11 as shown in FIG. 1. Third opening 22 
also comprises a rectangular trapezoidal shape, with 
side faces 24,26 sloping inwardly towards a bottom 
30 surface 28. Opening 22 may be used, as shown in 
later figures, to hold the optical component portion of 
an optical isolator. As mentioned above, an optical 
isolator may be used in high bit rate applications, 
where it is desired to prevent any significant reflec- 
35 tions from re-entering the laser active region. In this 
particular embodiment, the physical dimensions of 
the isolator are somewhat smaller than those of the 
GRIN lens. Therefore, opening 22 is somewhat smal- 
ler than opening 12. As will be discussed in detail 
40 below, the relative sizes of the openings may differ, as 
dictated by the dimensions of the various components 
contained therein. A fourth, relatively shallow opening 
22 may be located behind opening 20. Opening 30 is 
utilized for placement of the chip carrier holding the 
45 active optical device. In an alternative embodiment, 
the chip carrier may be attached directly to top surface 
13 of substrate 11. 

FIG. 2 contains a view in perspective of an optical 
subassembly 32 utilizing the silicon-based submount 
so 1 0 of FIG. Una typical packaging sequence, a GRIN 
lens 34 and spherical lens 36 are placed in and 
attached to openings 12 and 20, respectively, using, 
for example, a glass solder. Advantageously, the tap- 
ered sidewalls of openings 12,20 provide for physical 
55 contact for the edges thereof, to silicon substrate 1 1 . 
A chip carrier 38, holding a pre-bonded laser 40, is 
next aligned with and soldered to a metal contact 
deposited in opening 30 (or alternatively, mounted 
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directly on substrate top surface 13). As will be des- 
cribed below, the process of etching the various open- 
ings may be sufficiently controlled so as to provide, for 
example, a ±5 urn alignment tolerance between laser 
40 and lens 36. Subsequent to the placement of chip 
carrier 38, the optical component portion 42 of an iso- 
lator 44 ts attached to opening 22. A backface monitor 
46 may be placed as shown in FIG. 2 so as to intercept 
the light emitted from the rear face of laser 40. The 
output from backface monitor 46 is coupled to an 
external monitoring circuit (not shown) which func- 
tions to adjust the laser to maintain constant output 
power by. for • *amt*e, controlling the laser bias cur- 
rent A tempofatur* *eo*or 4 7 » located in dose prox- 
imity to laser 40 *n<j optical component 42 so as to 
monitor in* amt»ent temperature of the packaged 
arrangement m me v*oruty oi laser 40 and component 
42. The output from sensor 4 7 e coupled to a ther- 
moelectric cooler (TEC) 48 which functions to regu- 
late the operating temperature of laser 40 and isolator 
optics component 42. in response to the signal from 
sensor 47. such that a relatively constant 
laser/isolator optics temperature is maintained. 

As discussed above, an advantage of the 
arrangement of the present invention is that TEC 46 
may be attached to the underside of silicon substrate 
1 1, in proximity to both laser 40 and isolator optics 42. 
The choice of silicon as the submount material is par- 
ticularly suited for this aspect, since silicon is known 
to exhibit excellent thermal transport properties such 
that any change in the temperature of TEC 48 will be 
quickly transferred through substrate 1 1 to laser 40 
and isolator optics 42. Alternatively, if the subassem- 
bly does not utilize a TEC in this position, a support 
block 50, for example, another silicon substrate, may 
be attached to the underside of the optica! subassem- 
bly in proximity to laser 40. 

TEC 48 (or support block 50) is used as shown in 
FIG. 2 to provide a cantilever arrangement. In particu- 
lar, the far end 51 of substrate 1 1 is cantilevered with 
respect to support block 50. The cantilever design is 
advantageous in the optical subassembly of the pre- 
sent invention, since the design allows for the perma- 
nent magnet portion 52 (shown in phantom) of isolator 
44 to be slid over the subassembly and positioned to 
surround isolator optics 42 without touching silicon 
substrate 11. Since the two pieces are not in physical 
contact, any temperature changes of silicon substrate 
1 1 as a result of the operation of TEC 48 (or any other 
TEC attached to substrate 11 ) will not be transferred 
to magnet 52. The thermal isolation between TEC 48 
and magnet 52 thus prevents any unnecessary cool- 
ing of magnet 52. 

FIG. 3 illustrates a top view of optical subassem- 
bly 32, showing in particular the positioning of isolator 
optics 42, permanent magnet 52, and the path of the 
central ray through the system. The angling of optics 
42 relative to opening 20 is evident in this view. In par- 



ticular, isolator optics 42 may be tilted at a predeter- 
mined angle (6°, for example) with respect to the cent- 
ral ray and opening 22. The purpose of the tilt is to 
achieve improved isolation and is not germane to the 
5 present discussion regarding the optical subassem- 
bly. Additionally, as shown in FIG. 3, a connecting 
fiber 54 may contain a beveled endface 55 (formed at 
an angle of 6°, for example) to further reduce reflec- 
tions. 

10 A cut-away side view of optical subassembly 32 
is illustrated in FIG. 4. In this view, the path between 
the optical components is clearly illustrated, along 
with the signal path between laser 40 and backface 
monitor 46; The positioning of each component within 

15 its associated opening is clearly visible in this particu- 
lar view. The alignment of backface monitor 46 with 
laser 40 is obvious from this view Further, as shown, 
it is not necessary that each component rest in the 
base of each opening, since the physical contact be- 

20 tween the component and the opening is in reality pro- 
vided along the sidewalls of the opening. In FIG. 4, 
GRIN lens 34 is particularly illustrated as being dis- 
posed above bottom surface 1 8 of opening 12. There- 
fore, the fabrication process of submount 10 is 

25 considered to be somewhat tolerant to fluctuations 
related to the depths of the various etch processes. 

The following discussion is descriptive of an 
exemplary process for fabricating silicon submount 
10 to include the required openings for placement of 

30 the various optical components. It is to be understood 
that although the discussion and associated figures 
are related to the formation of a single silicon sub- 
mount, hundreds of such submounts may be formed 
simultaneously when a silicon wafer is subjected to 

35 the fabrication process. Further, the following process 
steps and/or their sequence are not considered to be 
unique; various modifications may be utilized to pro- 
vide a silicon-based submount within the scope of the 
present invention. 

40 In one exemplary processing sequence, a <100> 

silicon substrate 11 is provided, where the <100> 
orientation is utilized so that subsequent etching of 
top surface 13 will create openings with tapered 
sidewalls. since the sidewall <111> orientation is 

45 known to etch at a relatively slow rate with respect to 
the etch rate of <100> silicon (ratio of approximately 
1:25). As shown in FIG. 5. a relatively thick (for 
example, approximately 5000A) oxide layer 60 is first 
grown on the top surface 13 of substrate 11. Oxide 

50 layer 60 is then patterned (using well-known exposure 
techniques) to delineate the locations of openings 12, 
20 and 28. The exposed oxide is then etched in these 
areas so as to leave a relatively thin (for example, 
approximately 1000A) oxide layer over surface 13 of 

55 substrate 11 at the locations of openings 12, 20 and 
22. FIG. 6 illustrates the substrate with an etched 
oxide layer 60. Metallization 64 required for eventual 
electrical connection of chip carrier 38, backface 
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monitor 46, and temperature sensor 47 is then depo- 
sited over oxide 60 in the appropriate locations, as 
illustrated in FIG. 6. A second metal layer 66 may then 
be sputtered on the backside of substrate 1 1, where 
metal layer 66 serves as signal ground for the com- 
pleted subassembly. 

After the metallization process, oxide layer 60 is 
patterned and etched to expose surface 13 of sub- 
strate 11 at the locations for openings 12 and 28. A 
buffered oxide etch may be used for this purpose. The 
exposed silicon surface 13 is then etched for a pre- 
determined period of time to provide an opening suf- 
ficient for placement of lens 36, as illustrated in FIG. 
7. In particular, a depth d 2 may be in the range of 100- 
200 um. As mentioned above, all depths are meant to 
be exemplary only, since each design will require vari- 
ous modifcations as a function of the dimensions of 
the optical components. 

Opening 20 for isolator optics 42 is next formed 
by first removing oxide layer 60 above silicon surface 
1 3 In the predetermined areas for optics 42. Substrate 
1 1 1s then masked to expose only the location of open- 
ings 12 and 20. The exposed locations are then 
etched for a predetermined period of time sufficient to 
create opening 20 with a depth d 3 appropriate for iso- 
lator optics 42. In particular, this depth may be in the 
range of 400-500 um. As shown in FIG, 8, the second 
etch in the location of opening 12 results in a depth 6 y 
of approximately d 2 + d 3 , sufficient for placement of a 
GRIN lens 34, where d t may be in the range of 500- 
700 um. It is to be noted that depending upon the 
required sizes, openings 12, 20 and 22 may be 
created in three separate pattern and etch routines. 
Additionally, as mentioned above, a fourth opening 30 
may be formed behind opening 20 for the placement 
of chip carrier 38. Opening 30 is relatively shallow, on 
the order of 10-20 urn FIG. 8 illustrates a processed 
submount including opening 30. 

FIG. 9 illustrates an alternative silicon-based opti- 
cal subassembly 68 formed in accordance with the 
present invention. In this embodiment, referred to as 
a coplanar connection subassembly, the signal 
ground plane is provided, using vias through the sub- 
strate, on top surface 13 of substrate 1 1. In particular, 
the high frequency signal connections to laser 40 are 
provided by a first connection 70 and a second con- 
nection 72. Connection 70 is attached to a first metal- 
lic strip 74, where strip 74 is subsequently attached to 
chip carrier 38. Second connection 72 is coupled by 
a series of vias (not shown) to a second metallic strip 
76 disposed on the underside of substrate 11 (illus- 
trated in phantom in FIG. 9). First metallic strip 74, sili- 
con substrate 11 and second metallic strip 76 form a 
stripline to provide a high frequency interconnection 
between an external signal source (not shown) and 
laser 40. A thin film resistor 78 is located on chip car- 
rier 38 in proximity to laser 40 to provide impedance 
matching of the laser to the stripline. A thorough des- 



cription of an exemplary silicon-based high-frequency 
interconnection may be found in Serial No. 287,778, 
fled December 21, 1988, entitled "Silicon-Based 
Mounting Structure for Semiconductor Optical 
5 Devices", and assigned to the assignee of the present 
invention. As disclosed therein, a silicon substrate is 
processed to include a via in proximity to the laser so 
as to provide for attachment of the underlying metallic 
strip to the top-side laser contact The use of such a 
10 via connection, in conjunction with the impedance 
matching resistor, provides for a relatively robust high 
frequency connection at data rates exceeding 2 Gb/s. 

It is to be noted that there exist various modifi- 
cations to the silicon-based optical subassembly 
is which are considered to fall within the scope of the 
present invention. For example, various optical filters, 
such as wavelength-selective fiters or dichroic filters 
may be placed in silicon submount openings and opti- 
cally aligned with the associated active device(s). 
20 Further, a single submount could be formed to include 
an array structure of active devices, with the neces- 
sary passive components appropriately disposed In 
the silicon submount. Alternatively, an optical subas- 
sembly of the present invention could be configured 
25 as a optical transceiver subassembly including an 
optical transmitting device, an optical receiving 
device and the required leasing and filtering compo- 
nents. 

30 

Claims 

1. An optical subassembly comprising: 

a plurality of optical devices (e.g., 
35 34,36,40,44); 

a silicon substrate (e.g., 11) defined as 
including a major top surface (e.g., 13), said sili- 
con substrate including a plurality of openings 
(e.g., 12,20,22,30) formed In the top surface 
40 thereof, the plurality of openings for placement of 

said plurality of optical devices and disposed so 
as to provide optical alignment therebetween; 
and 

a support member (e.g., 48,50) disposed 
45 with respect to said silicon substrate so as to form 
a cantilever arrangement therewith. 

2. An optical subassembly as defined in claim 1 
wherein the plurality of optical devices includes at 

50 least one active optical device. 

3. An optical subassembly as defined in claim 2 
wherein the at least one active optical device 
comprises a laser. 

55 

4. An optical subassembly as defined in claim 2 
wherein the at least one active optical device is 
placed within an opening in the silicon substrate 
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top surface in proximity to the support member. 

5. An optical subassembly as defined in claim 2 
wherein the plurality of optical devices further 
includes an optical isolator. 

6. An optical subassembly as defined in claim 5 
wherein the optical isolator comprises 

an isolator optical component placed 
within an opening in the silicon substrate top sur- 
face so as to be in optical alignment with the 
active optical device; and 

a permanent magnet disposed to surround 
the isolator optical component in a manner such 
that physical contact with the silicon substrate is 
avoided. 

7. An optical subassembly as defined in claim 2 
wherein the plurality of optical devices further 
includes at least one passive optical component. 

8. An optical subassembly as defined in claim 7 
wherein the at least one passive optical compo- 
nent comprises 

a first lens for coupling an optica) signal 
exiting the optical subassembly to an external 
optical communication medium; and 

a second lens coupled to the active optical 
device for collimating the optical output theref- 
rom. 

9. An optical subassembly as defined in claim 8 
wherein the external optical communication 
medium comprises an optical fiber. 

10. An optical subassembly as defined in claim 8 
wherein 

the first lens comprises a graded index 
lens of cylindrical shape for transforming a colli- 
mated input beam into a focused output beam; 
and 

the second lens comprises a spherical 
lens for collimating the optical input signal applied 
thereto. 

11. An optical subassembly as defined in claim 10 
wherein the silicon substrate includes 

a first opening for the first lens, said sec- 
ond opening comprising a relatively trapezoidal 
shape of a depth d t ; and 

a second opening for the second lens, said 
second opening comprising a relatively square 
pyramidal shape of a depth d 2 . 

12. An optical subassembly as defined in claim 11 
wherein depth d, is within the range of approxim- 
ately 500-700 jim, and depth d 2 is within the range 
of approximately 100-200 urn. 



13. An optical subassembly as defined in claim 2 
wherein the support member comprises a ther- 
moelectric cooler. 

5 14. An optical subassembly as defined in claim 13 
wherein the thermoelectric cooler is disposed 
with respect to the silicon substrate so as to pro- 
vide a thermal transport path through said silicon 
substrate to the active optical device. 

10 

15. An optical subassembly as defined in claim 14 
wherein the plurality of optical devices further 
comprises an optical isolator including an isolator 
optical component placed within an opening In 

15 the silicon substrate top surface and disposed 
along the thermal transport path from the ther- 
moelectric cooler and said silicon substrate. 

16. An optical subassembly as defined in claim 2 
20 wherein the at least one active optical device is 

disposed on an optical chip carrier, said optical 
chip carrier being attached to the top surface of 
said silicon substrate. 

25 17. An optical subassembly as defined in claim 16 
wherein the chip carrier is attached within an 
opening formed within the top surface of the sili- 
con substrate, the depth of the opening such that 
active region of optical device remains disposed 

30 above the top surface of said silicon substrate. 

18. An optical subassembly as defined in claim 2 
wherein the at least one active device further 
comprises as a second active device a backface 

35 monitor positioned to intercept the optical signal 

exiting the rear face of the first active device. 

19. An optical subassembly as defined in claim 1 
wherein the silicon substrate comprises <100> 

40 oriented silicon such that the plurality of openings 

include inwardly tapering sidewalls of <111> 
orientation. 

20. An optical subassembly comprising 

45 an active semiconductor optical device 

(e.g., 40); 

isolating means (e.g., 44) for preventing 
reflected signals from reentering said active 
semiconductor optical device; 
so a second lens (e.g., 34) disposed after said 

isolating means for focusing the output from sad 
isolating means into a coupled optical waveguid- 
ing medium; 

a second lens (e.g., 36) disposed between 
55 said active device and said isolating means for 
collimating the output from said active device into 
the input of said isolating means; and 

a silicon subtraate (e.g., 11) including a 
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plurality of openings (e.g., 12,20,22,30) formed in 
the top surface thereof for placement of said iso- 
lating means and said first and second lenses, the 
plurality of openings disposed so as to provide 
optical alignment therebetween. 5 

21. An optical subassembly as defined in claim 20 
wherein the isolating means comprises 

an isolator optical component placed in an 
opening in the silicon substrate; and 10 

a permanent magnet disposed to surround 
said silicon substrate in the vicinity of said isolator 
optical components; 

the subassembly further comprising 

support means attached to the underside 15 
of the silicon substrate in a manner to provide a 
cantilever optical subassembly arrangement 
wherein physical contact between said perma- 
nent magnet and said silicon substrate is 
avoided. 20 

22. An optical subassembly as defined In claim 21 
wherein the support means comprises a ther- 
moelectric cooler attached to the underside of the 
silicon substrate in the vicinity of the active semi- 25 
conductor optical device and the isolator optical 
component. 

23. An optical subassembly as defined in claim 20 
wherein the first lens comprises a cylindrical 30 
GRIN lens, placed in a relatively rectangular 
pyramidal opening in said silicon substrate; and 

the second lens comprises a spherical 
lens, placed in a relatively square pyramidal 
opening in the silicon substrate. 35 

24. An optical subassembly as defined in claim 20 
wherein the silicon substrate is formed to include 
an opening for placement of a active device chip 
carrier. 40 
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